Introduction
The study of naturally-occurring radiation and its effects on man is one of the preoccupations of organisations responsible for radiation protection.
Cosmic particle flux increases with latitude and altitude and is significantly higher on board aircraft than at ground level. The complexity of the radiation field does not make dose measurement easy. Indeed, the particles encountered Vary considerably and a wide range of energies and types of particle are found. The gravity of the consequences for biological structures depends on the energy. Therefore, if the effective dose is to be estimated, the absorbed dose has to be known, along with the radiation weighting factor.
Recently, the International Commission on Radiological Protection (ICRP) included for the first time exposure to enhanced or elevated levels of radiation from natural sources in its radiation protection recommendations (ICRP, 199 1). Following these recommendations, the European Commission (EU) introduced a revised Basic Safety Standards Directive (European Commission, 1996) which includes the exposure of aircraft crew to cosmic radiation as occupational exposure.
In France, the Computerized System for Flight Assessment of Exposure to Cosmic Radiation in Air Transport, or "SIEVERT', is delivered to airlines for assisting them in the application of article 42 of the European Directive. This dose assessment tool was developed by the French General Directorate of Civil Aviation (DGAC) and partners: the Institute for Radiation Protection and Nuclear Safety (TRSN), the Paris Observatory and the French Institute for Polar Research -Paul-Émile Victor (IPEV). This professional service is available on an Internet server accessible only to companies that applied for it to DGAC. However, a public section enables passengers to assess the dose received during a flight. This server is operated by LRSN.
SIEVERT is a tool suited for flight crew dosimetry for cosmic radiation. It requires no specific ski11 with regard to radiation protection within the airline. It generates no operating requirements for the personnel, as this is the case for persona1 dosemeters.
SIEVERT should provide a correct application of the regulation for at least three reasons. First, the results obtained are close enough to reality to avoid
Article published by EDP Sciences and available at http://www.edpsciences.org/radiopro under-estimating the doses received by the personnel. Second, the radiation dose assessment mode is the same for al1 airlines. Third, if checks become required in the future, retrospective dose calculations might always be performed.
Exposure to cosmic radiation in aircraft
The radiation dose resulting from cosmic radiation received aboard aircraft is greater than that received at ground level. Due to their professional activities, flight personnel can receive an effective dose of several mSv in a year
Exposure increases with altitude
As we gain altitude, the protective atmospheric layer grows thinner, increasing Our exposure to cosmic radiation. At the cruising altitude of commercial aircraft, i.e. from 10 O00 to 12 000 meters, cosmic radiation is approximately 100 to 300 times more intense than at sea level. Aboard the Concorde, which flies at 18 000 metres, the dose rate is almost twice higher than on subsonic planes.
Exposure varies according to latitude
Particles of cosmic radiation penetrate more easily at high latitudes, near the poles, than in the vicinity of the equator because of the barrier provided by the earth's magnetic field. Depending on the latitudes of the plane's route, we are therefore more or less exposed to radiation.
Measurements taken aboard aircraft during the 1990s ( Fig. 1) showed that flight personnel on long-haul flights receive an effective dose of between 2 to 5 mSv per year depending on the routes used by the aircraft and on solar activity (Bottollier-Depois et al., 2000) .
The SIEVERT system
The SIEVERT system was designed to be an operational tool dedicated to legal dosimetry of aircrews and uses, to create dosimetnc inputs, already existing codes like CARI (O'Brien et al., 1996) during normal solar activity. This system provides doses that consider the routes flown by aircraft. These values are calculated using models verified over several tens of flights with a satisfactory uncertainty margin. Also, in case of solar flare, a mode1 wüs developed and allows assessing the impact with regard to the dose received (Lantos and Fuller, 2003; Lantos et al., 2001 
The SIEVERTprinciple
Airspace, at the heart of SIEVERT, is divided into cells. Each ce11 has an altitude of 1000 feet, 10" in longitude and 2" in latitude. Altogether they form a map of 265 O00 cells; to each of these cells is assigned an effective dose rate value. The time spent by the plane on each ceil and the corresponding dose are calculated (Fig. 2) ; their accumulative total gives the dose received during the fiight.
Updating the dosimetric data
The IRSN updates the map of the dose rates every month by taking solar activity into account (Fig. 3) . This map is obtained using a computer code (currently CARI 6 (O'Brien et al., 1996) , developed by the Federal Aviation Administration) which allows the dose to be obtained at any point in space up to an altitude of 80 O00 feet. Regular radiation measurements, from dosemeters installed on the ground and on aircraft, are then used to confirm and, if necessary, to correct the obtained values. In the event of a significant solar flare, a specific map is created and validated. Astrophysicists at the Paris observatory are also asked to assess the impact of the solar flare. The time needed to cany out this complex study is rather long. It is therefore necessary to wait several weeks before being able to calculate the doses received on flights during a solar flare. 
Principles in using SIEVERT
The Company prepares a file of completed or scheduled flights, and sends it to the SIEVERT Internet address. The system then completes the file by adding the effective dose that corresponds to each flight (Fig. 4) . Doses are calculated according to flight characteristics, using the dosimetric input data validated by the IRSN. The more detailed is the information concerning the route, the greater is the accuracy of the dose value. If the information is minimal, the dose value is assessed using a standard route profile (Fig. 5) . The data, at this stage, are anonymous. It is then necessary to add up the doses received dunng flights camed out by each member of the flight personnel. This information is made available to the person in question, and is communicated to the occupational medical service and to the national register.
It is also possible for the general public to assess the dose received during one or more flights by accessing the SIEVERT Intemet site (www/sievert-system.com, Fig. 6 ). This assessment is camed out using information contained on the flight ticket. Furthermore, general information about the cosmic rays, the regulation and the risk associated to radiation is available on this site.
Validation and initial results
Dunng the regular scheduled run verification stage (VSR), which precedes commissioning, full scale calculations were camed out by the IRSN (Dosimetry 
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Standardflight profile validation
A statistical study of these initial results allowed us to validate a certain number of parameters, in particular those used to define a standard flight profile which is used for the general public when the actual profile is unknown. These initial results show, amongst other things, that the dose dispersion for a given destination can be significant (up to factor 1.7) as the length of a flight can Vary according to environmental parameters such as meteorological conditions. The values obtained with the standard profile are usually in the upper section of the dose range for a given route; this is so that a conservative approach is maintained (Fig. 7) .
Mode1 validation in the event of a solurfire
Dose measurements throughout a flight during which a solar flare, detectable from the ground, took place were carried out for the first time on the 15th April.2001 on a Prague-New York flight (Fig. 8) 7 institutes including IRSN. Such events, known as Ground Level Events (GLE), happen, at most, several times a year. The dosimetric model set up in SIEVERT in the event of a solar flare could, therefore, be validated. This model is based on the attenuation in the atmosphere of particles with an energy comparable to that of the solar flares and on the data from the neutron monitors located on the ground which provide the intensity of the GLE.
Conclusion
SIEVERT, of an operational nature, is the answer to a request from the airline companies for radiation protection for flight personnel. Moreover, it makes it possible to assess the dose received during a flight for anybody Who wants it.
A pioneering aspect of SIEVERT lies in the fact that a regulatory dosimetry is carried out solely using a calculation based on models which have, of course, been validated through experience.
SIEVERT is the first system able to reply fully to al1 operational constraints for aircrew regulatory dosimetry, whether they are those of the aeronautical industry operators or those linked to regulatory dosimetry. Foreign companies have already shown an interest in the use of such a system.
